Ureaplasma urealyticum infection and raised seminal leucocyte levels on sperm morphology in 967 infertile males and 201 fertile healthy volunteers. U. urealyticum infection led to a significant decrease in the percentage of morphologically normal sperm in infertile males. There was a clear correlation between U. urealyticum infection, raised seminal leucocytes and abnormal sperm morphology. The percentage of morphologically normal sperm was significantly lower in U. urealyticum-positive than U. urealyticum-negative infertile males or fertile controls. The percentage of morphologically normal sperm was lowest in U. urealyticum-positive males with raised seminal leucocytes. Previous studies have found raised seminal leucocyte levels to be associated with reactive oxygen species. The authors suggest that oxidative stress contributes to the effects of U. urealyticum on sperm morphology. In conclusion, U. urealyticum infection can negatively affect sperm morphology and this study provided two possible mechanistic explanations.
Introduction
Infertility affects one in eight couples of reproductive age. 1 Male infertility is defined as the failure of a couple to conceive despite 1 year of unprotected sexual contact, where the female partner has no detectable explanation for infertility. Male infertility accounts for half of all reproductive failures, and is associated with deterioration of sperm quality and diminished sperm production. 2 Ureaplasma urealyticum is a common prokaryotic organism present in the lower genito-urinary tract of sexually active adults, which is more prevalent in partners of infertile than fertile relationships. 3 U. urealyticum infections not only jeopardize fertility, but also pose a risk for infertility treatment and resulting pregnancies. 3 Some studies have found that seminal volume and sperm count were reduced, and sperm morphology was adversely affected, in infertile males with U. urealyticum infection, 3, 4 whereas others report no such correlation. 5 Further investigation into the repercussions of U. urealyticum infection are warranted, and the present study examined the effect of U. urealyticum infection and seminal leucocyte levels on sperm morphology. U. urealyticum infection and male infertility
Subjects and methods

SUBJECTS AND INCLUSION CRITERIA
Men attending the First, Second and Third Hospitals, Jilin University, Changchun, China, between July 2005 and June 2010 for investigation of infertility were invited to participate in this study. Men from Changchun City who were known to be fertile and whose wives were pregnant and being seen at the Department of Obstetrics, The First Hospital, Jilin University Changchun, China, were invited to participate as control subjects between July 2005 and June 2010. A questionnaire including questions regarding subjects' smoking history, alcohol intake, working conditions, past medical history, injuries and any familial conditions was completed by all subjects. Responses to the questionnaire were used to exclude subjects from the study. Men with factors known to affect fertility (such as smoking, excessive alcohol intake, chronic drug use, serious systemic disease, abnormality of the external genitalia, known hereditary/familial disorders, or antisperm antibodies) were excluded.
The Ethics Committee of Jilin University approved the study protocol, and verbal informed consent was obtained from all infertile males and control subjects.
SPERM MORPHOLOGY
Masturbated semen samples were collected in a clean glass beaker after 3 -5 days of sexual abstinence. The semen was allowed to liquefy at 37°C for 30 min. Sperm morphology was evaluated on air-dried smears fixed and stained with Wright-Giemsa (Diff-Quick; Risheng Reproductive Medicine Science Tech. Co. Ltd, Changchun, China) according to Tygerberg's strict criteria, 6 using a 100 × high-power compound light microscope objective in a minimum of 200 fields.
U. UREALYTICUM DETECTION
Culture of U. urealyticum was carried out in a selective medium (Mycoplasma culturing reagent; Zhengzhou Antu Biotech. Co. Ltd, Zhengzhou, China). The culture medium (2 ml) was inoculated with a 200 µl volume of liquefied semen specimen from each male and incubated at 37°C for 48 h. A colour change of the culture medium from light yellow to red was considered positive for U. urealyticum, and an absence of colour change or cloudiness was considered negative. In the case of positive results, cultures were repeated once. All samples from the control group were negative for U. urealyticum by culture; as U. urealyticum is widely present in the general population, fertile males who were U. urealyticum-positive were excluded from the study.
SEMINAL LEUCOCYTE CONCENTRATION
Seminal leucocyte concentration was quantified using a myeloperoxidase staining technique, 7 where 10 µl of semen was mixed with 90 µl of prepared staining solution (Semen Leucocyte Peroxidase Staining Kit; Shenzhen Huikang Biomed. & Tech. Co. Ltd, Shenzhen, China) and left at room temperature for 30 min. A microcell counting chamber (Nanjing Yuancheng Science and Tech. Co. Ltd, Nanjing, China) and bright-field microscopy were used to count brown-stained peroxidase-positive leucocytes in an average of 5 -10 fields. After correction for dilution, the result was recorded as the number of peroxidasepositive leucocytes per ml of semen. An abnormal leucocyte count was defined as > 1 × 10 6 leucocytes/ml of ejaculate (World Health Organization [WHO] definition, 1999). 8 U. urealyticum infection and male infertility
STATISTICAL ANALYSES
Statistical analyses were performed using the SPSS ® statistical package, version 11.5 (SPSS Inc. Chicago, IL, USA) for Windows ® . A Students' t-test and the χ 2 -test were used as appropriate to compare study groups. Statistical significance was defined as P < 0.05 and all reported P-values are two-tailed.
Results
The study population consisted of 967 infertile males aged 23 -41 years. Of these, 156 (16.1%) were U. urealyticum positive. The control group consisted of 201 healthy fertile male volunteers aged 23 -38 years, with no detectable abnormality on physical or laboratory investigations.
The U. urealyticum-positive group had a significantly higher proportion of abnormal sperm, compared with the control group (P < 0.01) and the U. urealyticum-negative infertile group (P < 0.05; Table 1 ). The percentage of sperm cells with head defects was significantly higher in the U. urealyticumpositive infertile group than in the control and U. urealyticum-negative infertile groups (P < 0.01 and P < 0.05, respectively; Table 1 ). Tail defects were also significantly higher in U. urealyticum-positive infertile males than in U. urealyticum-negative infertile males (P < 0.05; Table 1 ).
An abnormally high leucocyte count (> 10 6 /ml of semen) was observed in infertile males versus fertile controls and in a higher percentage of U. urealyticum-positive infertile males than U. urealyticum-negative infertile males (P < 0.001 for both; Table 2 ). Infertile males with abnormally high seminal leucocyte counts had a significantly increased percentage of morphologically abnormal sperm, compared with infertile males with normal leucocyte counts (P < 0.01; Table 3 ). The percentage of abnormal sperm was significantly higher in U. urealyticum-positive males with raised leucocyte counts compared with U. urealyticum-negative males with raised leucocyte counts (P < 0.05; Table 3 ).
Discussion
The diagnostic examination of an infertile couple involves a multitude of parameters, with semen analysis constituting the first biological step in the laboratory evaluation of infertile men. In most instances, the cause of male infertility is linked to an abnormality in one or more of the semen characteristics, with sperm morphology, measured according to strict criteria, being 9 Several studies indicate that morphology is the best predictor of fertility among all of the sperm characteristics, and that the percentage of morphologically normal sperm cells is an essential characteristic for in vivo fecundity. 10 Infection of the male genital tract is a leading cause of male infertility, with the prevalence of genital infection among infertile men varying from 10% to 20%. 11 Infection with U. urealyticum has been of major interest for many years, as previous studies have found that it is potentially pathogenic and may play an aetiological role in both genital infections and male infertility. The presence of U. urealyticum in semen is related to a decrease in sperm density, motility and morphology. 12 Gdoura et al. 13 reported that genital Mycoplasma and Ureaplasma seem to be widespread among the male partners of infertile couples in Tunisia, and could negatively influence semen quality. Wang et al. 14 reported that U. urealyticum infection was associated with higher semen viscosity, lower semen pH and Such contradictory data could be due in part to the fact that these studies were conducted on different populations and sample sizes. Research has shown the prevalence of genital-tract infection among infertile males to be 15%, with U. urealyticum being one of the most prevalent sexually transmitted pathogens. 16 Shang et al. 18 reported a U. urealyticum infection rate of 15.5% ± 6.8% in infertile malessignificantly higher than that observed in fertile controls (5.2% ± 2.3%). The current study found a similar infection rate of 16.1% in infertile males.
The present study explored the effect of U. urealyticum infection on sperm morphology and analysed the mechanisms of this effect. Both in vitro and in vivo studies have shown that U. urealyticum directly attaches to sperm, especially to the sperm head in the postacrosomal region, and to the middle piece. 19, 20 An in vitro infection study showed that, under aerobic conditions, this organism adheres to the head and tail segments of human and ram sperm, and invades their cytoplasm. 20 A significantly larger number of head abnormalities were found in U. urealyticum-positive infertile sperm than in the U. urealyticum-negative infertile and fertile control groups in the present study. U. urealyticum can adhere to the sperm surface via sulphogalactosyl glycerolipid (the spermegg binding associated molecule on the sperm surface), which is a potential cause of its effect on fertility. 21 Thus, we speculate that the direct adhesion of U. urealyticum to various parts of the sperm cell causes an alteration in its morphology.
The present study found that an abnormally high leucocyte count was observed more frequently in U. urealyticumpositive infertile semen than in U. urealyticum-negative infertile or fertilecontrol semen. Furthermore, the percentage of sperm with abnormal morphology was significantly higher in subjects with raised leucocyte counts than in those with normal leucocyte counts. Whether a correlation exists between leucocytospermia and bacteriospermia remains controversial, particularly in asymptomatic males. However, bacteriospermia is commonly found in semen samples from infertile males. 22 Recently, a significant correlation was found between bacteriospermia and leucocytospermia at the level of ≥ 0.275 × 10 6 leucocytes per ml of semen; 23 infection is diagnosed if leucocytospermia or bacteriospermia are present. 24 Esfandiari et al. 25 reported that seminal leucocyte concentrations were negatively correlated with the percentage of motile sperm and normal sperm morphology. Aziz et al. 26 reported that leucocyte concentrations were significantly negatively correlated with the proportion of sperm with damaged acrosomes, cytoplasmic droplets, tail defects, and with sperm deformity index scores with normal and borderline morphology.
Morphological damage to sperm may be U. urealyticum infection and male infertility related to infection and subsequent inflammation. Leucocytes are recruited during infection and peroxidase-positive leucocytes have been established as one of the main sources of high reactive oxygen species (ROS) production in semen. 27 Potts et al. 28 reported elevated seminal ROS levels among males with U. urealyticum infection. Leucocytes are capable of producing 100-fold higher amounts of ROS when activated, 29 which occurs in response to a variety of stimuli including inflammation and infection, 29 as well as inflammatory mediators such as interleukin (IL)-6 and IL-8. 30 Reactive oxygen-induced sperm damage occurs when seminal leucocyte concentrations are abnormally high. The present study found that the morphology of U. urealyticum-positive infertile sperm was significantly affected when there was abnormal leucospermia, as shown previously. 25, 26, 28, 30 The oxidative burst is generally an early and effective defence mechanism against microbial infection, but the presence of high levels of ROS in semen may overwhelm antioxidant strategies, resulting in oxidative stress. 31 Fraczek et al. 32 found that the harmful effects of bacteria on spermatozoa depend on the type and species of microorganisms invading or infecting the male genital tract, and is associated with the accompanying oxidative stress. The presence of leucocytes in semen appears to be an additional factor enhancing sperm lipidmembrane peroxidation, which may affect fertility. 32 Multivariate analysis has clearly shown that sperm morphology is strongly correlated with levels of ROS. 33 It is known that human spermatozoa generate ROS in physiological amounts, which play a role in sperm functions during sperm capacitation and the acrosome reaction. 34 Uncontrolled and excessive ROS production could result in seminal oxidative stress, causing damage to the cell membrane and impairing semen quality. 35 Studies have shown that levels of ROS in semen were negatively correlated with the percentage of normal sperm, as determined by WHO classification and by the strict Kruger criteria. 30 Spermatozoa with abnormal morphology have a capacity to generate high levels of ROS that can cause oxidative stress, aggravating the effect on sperm morphology. 30 The present study, coupled with previous studies, suggests that U. urealyticum has a negative effect on sperm morphology in males with male factor infertility. Infection with U. urealyticum leads to a direct effect on sperm and elicits a leucocyte-mediated inflammatory response, influencing sperm morphology via the production of ROS.
The results of the present study suggest that infertile males with U. urealyticum infection should be treated with antibiotics, together with antiphlogistic treatment to decrease leucocyte numbers. Some studies have reported an improvement in semen quality and decreased leucocyte and bacterial concentrations in seminal plasma as a result of combined antiphlogistic and antibiotic treatment in males with chronic seminal-tract infection. 11,32 This dualtreatment schedule could improve semen quality and increase the percentage of sperm with normal morphology.
